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DEVELOPMENT OF A SELECTION TEST FOR MOTIVATIONAL APTITUDE 

A. F. Ax,  P. G. S. Beckett, N. A. F r e t z ,  
and J. S .  Got t l i eb  

I 

This study is the f i r s t  s t a g e  i n  the  Lvelopment of a test f o r  mot iva t iona l  

a p t i t u d e 3  It is  based on the  hypothesis t h a t  t he  a p t i t u d e  f o r  acqu i r ing  the s o c i a l  

motives ranges widely i n  the  population from the lowest i n  schizophrenia and t h e  

hobo type t o  the  h ighes t  i n  the most productive people. 

examined are success fu l  co l l ege  s tuden t s  and p ro fes s iona l  people con t r a s t ed  t o  chronic  

sch izophrenic  p a t i e n t s  and sk id  row habi tues .  

the phys io log ica l  systems con t ro l l ed  by the autonomic nervous system. The procedure 

used t h e r e f o r e  is t he  a c q u i s i t i o n  of a conditioned ( learned)  response of the autono- 

m i c  nervous system; namely, the classical condi t ioning of t he  palmar sweating re- 

sponse (GSR). Resu l t s  on 19 con t ro l  s u b j e c t s  and 28 schizophrenic  p a t i e n t s  and a 

sk id  row hab i tue  showed the p a t i e n t s  and sk id  row s u b j e c t  t o  be e s s e n t i a l l y  l ack ing  

i n  the a b i l i t y  t o  l e a r n  the a s s o c i a t i o n  between the  tone (CS) and the  pa in  s t imulus 

(UCS) by producing a GSR t o  the tone a f t e r  some 30 t r a i n i n g  trials. 

the heal thy group made t h i s  a s s o c i a t i o n  r ead i ly  as revea led  by the  frequency, con- 

s i s t e n t  l a t e n c y  and amplitude of GSR responses t o  the tone alone.  

The c r i t e r i o n  groups first 

A l l  motives are l a r g e l y  mediated through 

I n  c o n t r a s t ,  

Conclusions are t h a t  Phys io logic  Learning Apt i tude  (PLA) which is be l ieved  t o  be 

a measure of t h e  a b i l i t y  t o  acqu i r e  t h e  secondary o r  s o c i a l  motives can be measured 

by t h i s  cond i t ion ing  procedure. With f u r t h e r  documentation and s t r eaml in ing ,  t h i s  

procedure should have a va luable  a p p l i c a t i o n  fo r  t h e  s e l e c t i o n  of highly adap tab le  

persons who can  be r e a d i l y  t r a ined  o r  conditioned f o r  h igh - s t r e s s  t a s k s  such as space 

f l i g h t .  
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DEVELOPMENT OF A SELECTION TEST FOR MOTIVATIONAL  APTITUDE^ 

A. F. Ax, P. G. S. Becket t ,  N. A. F r e t z ,  
and J. S. Gottlieb* 

A very  important a p t i t u d e  o r  capaci ty  of any ind iv idua l  f o r  success fu l  accom- 

plishment is  h i s  motivation a t  the  t i m e  of the performance. Soc ia l  o r  secondary 

motives such as d e s i r e  f o r  t he  approval of our  fe l lows,  the d e s i r e  f o r  money, o r  

self-determined goa l s  are learned motives. 

guides  behavior is  a physiological  s ta te  of arousal  which involves  mainly the  auto- 

nomic nervous system con t ro l l ed  organs and physiologic processes .  

o r  adap ta t ion  of motives is l a r g e l y  t h e  learning of the autonomic nervous system. 

This type of phys io log ica l  l ea rn ing  which is more o f t e n  c a l l e d  adap ta t ion  i s  q u i t e  

d i f f e r e n t  from the usual type of i n t e l l e c t u a l  learning of school s u b j e c t s ,  t he  capa- 

c i t y  f o r  which is c a l l e d  i n t e l l i g e n c e  o r  I.Q. 

ing of t h e  emotions so t h a t  t he  resources  of the body, which involves  the maintenance 

of homeostasis w i t h i n  accep tab le  ranges,  may be f u l l y  u t i l i z e d  f o r  the t a s k  a t  hand. 

When the  t a s k  is q u i t e  d i f f i c u l t  f o r  the person, t h e  mot iva t iona l  l i m i t s  are o f t e n  

exceeded long be fo re  the body's resources  would be exhausted, bu t  t he  ind iv idua l  of 

low o r  moderate motivation g ives  up and cannot complete the  t a s k .  

ing of the motives,  t h i s  same i n d i v i d u a l ,  on another occasion,  may be a b l e  t o  complete 

the t a sk .  Involved i n  t h i s  mot iva t iona l  t r a in ing  of course,  is  phys ica l  t r a i n i n g  

which "conditions" the person t o  be b e t t e r  a b l e  t o  perform r igorous tasks .  

v a t i o n a l  condi t ion ing  and the physical  condi t ioning are not  completely independent nor 

a r e  they one and t h e  same. 

not  have the "stomach" f o r  b a t t l e ;  on the  other  hand the  s o l d i e r  who has the w i l l  t o  

f i g h t  is t h a t  much b e t t e r  a b l e  t o  carry it  o u t  i f  he is i n  good phys ica l  t r a i n i n g .  

The motivation which a c t u a l l y  d r i v e s  and 

Thus the l ea rn ing  

This phys io logica l  l ea rn ing  is a t r a i n -  

With b e t t e r  t r a i n -  

The moti- 

A s o l d i e r  can be i n  p e r f e c t  physical  t r a i n i n g  b u t  s t i l l  

This r e sea rch  was supported by NASA Cont rac t  US-2-1031. 

* The Lafaye t t e  C l i n i c ,  951 East La faye t t e  Avenue, D e t r o i t ,  Michigan. 
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The "stomach t o  f i g h t "  i s  the  emotional o r  autonomic nervous system physiology in-  

volved i n  the emotional l ea rn ing  o r  adap ta t ion  which i s  the  problem under s tudy.  

Whereas the a p t i t u d e  o r  capac i ty  f o r  i n t e l l e c t u a l  l ea rn ing  (I.Q.) has been long 

s tud ied  i n  d e t a i l  wi th  r e l i a b l e  q u a n t i t a t i v e  tests,  t he  a p t i t u d e  o r  capac i ty  f o r  

motivat ion l ea rn ing  o r  adap ta t ion  has n o t  been SO w e l l  s t ud ied .  Y e t  t he re  i s  every 

reason t o  bel ieve t h a t  the  a p t i t u d e  f o r  l ea rn ing  motives v a r i e s  over a wide range 

as does I . Q . ,  physical  prowess o r  musical t a l e n t .  The l ack  of a t e s t  f o r  the  a p t i t u d e  

f o r  learn ing  motives handicaps us  i n  s e l e c t i n g  personnel f o r  h igh - s t r e s s  t a sks  which 

involve the extremes of motivat ion.  The problem f o r  s e l e c t i n g  persons wi th  t h e  de- 

s i r e d  s k i l l s  and the capac i ty  t o  "take it" f o r  space f l i g h t  w i l l  soon become c r i t i c a l .  

The need has always been present  f o r  personnel s e l e c t i o n  f o r  m i l i t a r y  and o the r  high- 

stress tasks. 

I n  t h i s  s tudy w e  are undertaking t o  develop a p r a c t i c a b l e  tes t  f o r  mot iva t iona l ,  

emotional o r  phys io logica l  l ea rn ing  a p t i t u d e .  Since w e  be l i eve  the  a p t i t u d e  involves  

many of the phys io logica l  systems some of  which may not  d i r e c t l y  involve emotion o r  

motivation w e  p re fe r  t o  c a l l  i t  Phys io logica l  Learning Apti tude o r  PLA f o r  s h o r t .  The 

test  must involve phys io logica l  response systems under con t ro l  of t he  autonomic nervous 

system such as the  palmar sweating response (GSR) o r  some parameters of the  card io-  

vascular  system such as f inge r  plethysmogram, h e a r t  rate o r  blood pressure .  Secondly 

the  test must be a l ea rn ing  t a s k  which involves  t h i s  response system. The classical 

o r  Pavlovian condi t ion ing  s i t u a t i o n  provides  j u s t  such a task .  A non-relevant ,  i n -  

nocuous s t imulus such as a tone i s  sounded j u s t  before  and during a r e l e v a n t  noxious 

pa in  s t imulus which e l i c i t s  the  des i r ed  response,  f o r  our s tudy ,  the  ga lvanic  s k i n  

response (GSR) of  palmar sweating. P r i o r  t o  the  p a i r i n g  of the  tone and pa in ,  t h e  

tone e l i c i t s  l i t t l e  o r  no response,  bu t  t o  the  e x t e n t  condi t ion ing  takes  place a f t e r  

a series o f  p a i r i n g s ,  the  tone,  dur ing  t e s t  t r ia l s  when not  accompanied by the  pa in  

s t imulus ,  w i l l  a lone  e l i c i t  t he  GSR formerly produced only by the  pain.  

parameters of  condi t ion ing  such as a c q u i s i t i o n  rates of the  number, amplitude and 

The var ious  
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l a tency  of condi t ioned responses as w e l l  as t h e i r  r e s i s t a n c e  t o  e x t i n c t i o n  w i l l  

c o n s t i t u t e  t he  measures of Physiologic  Learning Aptitude (PLA) . 
I n  o rde r  t o  quickly v a l i d a t e  whether ircdeed such a test w i l l  d i s t i n g u i s h  be- 

tween persons who by t h e i r  l i f e  h i s t o r y  are c l e a r l y  d i f f e r e n t  i n  s o c i a l  performance 

we chose two very d i f f e r e n t  groups -- col lege  s tudents  and profess iona l  personnel 

con t r a s t ed  t o  chronic  schizophrenic  p a t i e n t s  under in t ens ive  s tudy a t  The La faye t t e  

C l i n i c  and ch ron ica l ly  unemployed "skid rowtr charac te rs .  

Although t h e  cause of schizophrenia  is no t  y e t  known, the c h a r a c t e r i s t i c s  of 

t he  p a t i e n t s  have been w e l l  descr ibed.  The c h a r a c t e r i s t i c  most r e l evan t  to t h i s  

s tudy  i s  t h e i r  i n a b i l i t y  t o  acqu i r e  (o r  i f  once acquired t o  maintain)  the  s o c i a l  

motives such as t h e  d e s i r e  f o r  s o c i a l  approval ,  money, r e s p o n s i b i l i t y  and competence. 

A t  t h e  same t i m e  t h e i r  primary b i o l o g i c a l  d r i v e s  f o r  food, water and comfort are i n t a c t .  

A coro lary  of the  l ack  of normal emotional and motivat ional  response p a t t e r n s  i n  

the  sch izophrenic  is the w e l l  documented (11,141 l a c k  of empathy f o r  t he  motives and 

f e e l i n g s  of o t h e r  people as w e l l  as the  equal  d i f f i c u l t y  t h a t  normal people have t o  

empathize wi th  the  schizophrenic  p a t i e n t .  Empathy i s  apparent ly  a fundamental p a r t  

of l ea rn ing  the  normal emotions and motives of a c u l t u r e .  

A person d e f i c i e n t  i n  t h i s  l ea rn ing  a b i l i t y  bu t  wi th  i n t a c t  b i o l o g i c a l  d r i v e s  

w i l l  quickly come i n t o  c o n f l i c t  wi th  soc ie ty  s ince he would not  conform by s t r i v i n g  

f o r  t he  socially-approved goa ls .  

from those  who do n o t  conform. 

along wi th  bewilderment and confusion. 

one wi th  such a def ic iency:  

hermit  o r  tramp; (2) make d i r e c t  demands f o r  primary s a t i s f a c t i o n  which usua l ly  pre- 

c i p i t a t e s  h o s p i t a l i z a t i o n ;  (3) develop de lus ions  and ha l luc ina t ions  i n  a n  a t tempt  t o  

r a t i o n a l i z e  and reduce the  anx ie ty ,  anger and f r u s t r a t i o n .  

behavior m o d e  only is  l i k e l y  to produce a hobo, tramp o r  "skid-row" habi tue .  

t h ree  types of behavior are usua l ly  found i n  t h e  schizophrenic  a t  one t i m e  o r  another .  

Soc ie ty  tends to withhold even the primary rewards 

In t ense  f r u s t r a t i o n ,  anx ie ty  and h o s t i l i t y  develops 

Severa l  modes of adjustment are poss ib l e  t o  

(1) Onemay withdraw from soc ie ty  such as becoming a 

Emphasis of t he  f i r s t  

A l l  
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When t h i s  s tudy was begun i n  1962, t he re  were very few r e p o r t s  i n  Eugl i sh  des- 

c r i b i n g  autonomic condi t ioning i n  schizophrenic  p a t i e n t s .  Two studi.es (15 ,ZO)  are 

repor ted  by Mednick (16) t o  have found increased condi t ion ing  of GSR by schizophrenic  

p a t i e n t s .  

d i t i o n i n g  of GSR i n  schizophrenia .  La te  i n  1963, t he  r e p o r t  by Lynn (13) of t he  re- 

c e n t  Russian l i t e r a t u r e  w a s  published gh ich  revea led  r a t h e r  ex tens ive  s t u d i e s  of con- 

d i t i o n i n g  i n  schizophrenia .  The cor?sensus of these  s t u d i e s  is t h a t  condi t ion ing  of 

both motor and autonomic responses is g ross ly  d e f i c i e n t  by a l l  parameters of c o n d i t h n -  

ing (amplitude, frequency, la tency  and number of t r ials r equ i r ed ) .  The Russian au tho r s  

genera l ly  i n t e r p r e t  t h e i r  f i nd ings  by the  Pavlovian theory of schizophrenia  (18) which 

i s  based on the  theory of  p ro tec t ive  i n h i b i t i o n .  Schizophrenic p a t i e n t s  are s a i d  t o  

have an  overly s e n s i t i v e  "weak" nervous system vhich  i s  prone t o  p r o t e c t i v e  i n h i b i t i o n  

thus l imi t ing  adjustment  t o  a narrow range of  environment. 

One s tudy by P e t e r s  and Murphree (19) r e p o r t s  s i g n i f i c a n t l y  less con- 

This def ic iency  i n  a p t i t u d e  €or  l ea rn ing  s o c i a l  motivat ion o r  Phys io logica l  

Learning Aptitude -- PLA as we s h a l l  c a l l  i t  -- should manifest  i t s e l f  i n  d e f i c i e n t  

condi t ioning of GSR t o  t h e  tone-pain condi t ion ing  pardigm. 

d i c t s  an  impairment i n  condi t ion ing  f o r  schizophrenia  is  d i r e c t l y  oppos i te  t o  t h a t  

proposed by Mednick (16) which p r e d i c t s  an  inc rease  of condi t ion ing  a p t i t u d e  f o r  schiao-  

phrenic  pa t i en t s .  

J u s t  as the re  are o f t e n  var ious  phys ica l  abnormal i t ies  accompanying the  s e v e r e s t  

forms of i n t e l l e c t u a l  de f i c i ency ,  i t  is  reasonable  t o  suppose the re  might be var ious  

physiological  o r  biochemical abnormal i t ies  which may accompany the  phys io logica l  

l ea rn ing  def ic iency .  

Frohman e t  a1 (6) which could r e s u l t  i n  t h e  excess ive  concent ra t ion  of a n a t u r a l  stress 

product  t o  t o x i c  l e v e l s  could be an  accompaniment f o r  some schizophrenic  p a t i e n t s .  

Many physiological  abnormal i t ies  have been repor ted  i n  schizophrenia  but  none have 

been uniformly present .  

the  general  def ic iency  i n  secondary mot iva t ion  could account f o r  t he  g r e a t  he te rogenie ty  

This  hypothesis  which pre- 

The f a i l u r e  f o r  c e r t a i n  enzymes t o  develop as pos tu la ted  by 

The r e l a t i v e  s t r e n g t h s  of such abnormal i t ies  i n  a d d i t i o n  t o  
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i n  sch izophrenia  which may a c t u a l l y  c o n s t i t u t e  several  v a r i e t i e s  i n  terms of 

sumptom p a t t e r n ,  e t io logy  and t r ea tmer t  required.  

The f i r s t  s t e p  i n  examining t h i s  hypothesis i s  t o  compare a t y p i c a l  sample of 

sch izophrenic  p a t i e n t s  w i th  a normal sample on a l ea rn ing  t a s k  involving the  autonomic 

nervous system. The classical condi t ioning study described below, w e  be l i eve  f u l f i l l s  

t h i s  f i r s t  s t e p .  The highly favorable  r e s u l t s  obtained i n  t h i s  s tudy support  f u r t h e r  

examination of t he  hypothesis by s t u d i e s  of c t h e r  groups who might be expected t o  show 

a de f i c i ency  i n  phys io logic  learnilzg a p t i t u d e  and secondary motivation. These may in- 

c lude va r ious  types whose behavior seem to  ind ica t e  d e f i c i e n t  s o c i a l  motivation such as 

the c'mriic unemployed hobo and sk id  row habi tue.  I n  order  t o  i n v e s t i g a t e  f u r t h e r  whether 

d e f i c i e n t  PIA may be a necessary bu t  no t  s u f f i c i e n t  e t i o l o g i c a l  cond i t ion  of schizo- 

phrenia ,  i t  would be va luable  t o  examine f o r  PLA the  r e l a t i v e s  of schizophrenic p a t i e n t s ,  

e s p e c i a l l y  t h e i r  ch i ld ren .  

Future  s t u d i e s  and t h e  a p p l i c a t i o n  of t h i s  concept of phys io logica l  l ea rn ing  ap- 

t i t u d e  is no t  l i m i t e d  t o  f r ank  mental d i so rde r .  A s  wi th  i n t e l l e c t u a l  a b i l i t y ,  i t  may 

be assumed t h a t  the a b i l i t y  ranges throughout the popula t ion  from very low i n  t h e  hobo 

o r  sch izophrenic  o r  t o  very high i n  t h e  highly dr iven success fu l  person. 

highly p r e d i c t i v e  of success  i n  any t a sk  where motivation plays a major r o l e .  It should 

be very use fu l  f o r  s e l e c t i n g  persons f o r  spec ia l i zed  h igh - s t r e s s  tasks where except ional  

motivation i s  needed. 

t a b i l i t y  f o r  success fu l  adjustment t o  severe s t r e s s  -- thus may c o n s t i t u t e  a measure 

of stress to l e rance .  

PLA should be 

High PLA should a l s o  imply a high degree of physiological  adap- 

By knowing the PLA of ch i ld ren ,  i t  should be poss ib l e  t o  devise  t r a i n i n g  programs 

Because of the  more appropr i a t e  f o r  optimum development of t h e i r  mot iva t iona l  system. 

heterogeneous environmental oppor tun i t i e s  f o r  motivational condi t ion ing  American 

c h i l d r e n  experience,  i t  is unl ikely t h a t  PLA can be est imated,  l i k e  I.Q., by c u r r e n t  

accomplishment. 

vomic processes  w i l l  have t o  be used. 

Rather a c t u a l  l ea rn ing  t a s k s  such as condi t ion ing  s t u d i e s  of auto- 

5 



Pr  oc edur e 

Method 

Our experimental  procedure of classical condi t ion ing ,  which we cons ider  

a measure of PLA, is  c a r r i e d  o u t  over f o u r  s e s s ions  on success ive  days dur ing  

which continuous recording is  done on 14 phys io logica l  v a r i a b l e s .  

o r  adapta t ion  day th ree  d i f f e r e n t  p i t ched ,  i n t e r rup ted  tones (CS) (To 

TI = 770 CPS, T2 = 1240 CPS and about  60 ab> are each presented f o r  12 seconds,  

f i v e  times i n  a f ixed  modified random order  a t  i n t e r v a l s  ranging from 2 t o  2.5 

minutes.  I n  t h e  second and t h i r d  o r  Condi t ioning se s s ions ,  the  two h igher  p i tched  

tones T and T are re inforced  during t h e  las t  s ix  seconds by t h e  two pa in  s t i m u l i  

(UCS) S and S r e spec t ive ly  presented t o  the  pads of the  g r e a t  and ad jacen t  t oes .  

The pain s t imulus  is  a DC cur ren t  (S1 = 2.5 and S2 = 3 . 5  M.A.) app l i ed  by sponges 

sa tu ra t ed  i n  Zn SO4 i n  a p l a s t i c  cup about  7 mm i n  diameter  (40 sq. mm) and about  

6 mm deep wi th  a z inc  d i s k  a t  the  bottom. 

cones only are presented as on the  f i r s t  day. 

On the  f i r s t  

= 470 CPS, 

1 2 

1 2 

I n  the  f o u r t h  o r  e x t i n c t i o n  s e s s i o n  the  

The sub jec t s  were i n s t r u c t e d  f o r  t he  adap ta t ion  se s s ion  t h a t  they would hear  

some tones bu t  t h e r e  was nothing they need do about  them. For the  two condi t ion ing  

sess ions  they were t o l d  t h a t  today some of t he  tones would be accompanied by a b r i e f  

pa in  i n  t h e i r  t oes  which would f e e l  l i k e  hea t .  For the  e x t i n c t i o n  s e s s i o n  they were 

t o l d  tha t  today the re  would be no pa in  s t i m u l i .  The pa in  e l e c t r o d e s  were n o t  ap- 

p l i e d  fo r  t he  adap ta t ion  and e x t i n c t i o n  se s s ions .  

t he  sub jec t  i n  the  hope t h a t  i t  would e l imina te  one source of random var iance  based 

on varying hypotheses by the  s u b j e c t s  as t o  when they might be g iven  pa in  s t i m u l i .  

W e  are more i n t e r e s t e d  i n  i n v e s t i g a t i n g  t h e  unconscious and involuntary  a s p e c t s  of 

autonomic response than  the  conscious expec ta t ions .  

This  information was given t o  

6 



. 
Sub jec t s  

The c o n t r o l  s u b j e c t s ,  a l l  male, were hired from un ive r s i ty  and c i t y  employ- 

They were interviewed by a p s y c h i a t r i s t  and r a t ed  on the  s tandard ment agencies .  

La faye t t e  C l i n i c  P s y c h i a t r i c  Rating Sca le  (4). 

following psychological tests: ( a )  Minnesota Mu1 t i p h a s i c  Pe r sona l i ty  Inventory,  

(b) Wonderlick Personnel Test, ( c )  Reversed D i g i t s ,  (d)  Weight Discr imina t ion  

and ( e )  Auditory Discr iminat ion.  

given t o  the sch izophrenic  p a t i e n t s  by the  Psychology Service.  

j e c t  w a s  judged t o  be unhealthy by the p s y c h i a t r i s t  he was e i t h e r  not  t e s t e d  o r  

placed i n  a s p e c i a l  t h i r d  group. 

wi th  a mean age of 28.1 yea r s .  

range of 27 t o  41 and a mean age of 31.4 yea r s ,  c o n s t i t u t e  a s p e c i a l  group wi th  a 

mean dura t ion  of i l l n e s s  of 7.6 years and wi th  a minimum of over two years. Since 

the c o r r e l a t i o n  of our major condi t ion ing  score wi th  age f o r  the c o n t r o l  group w a s  

e s s e n t i a l l y  z e r o  (.Ol), t h i s  s l i g h t  d i f f e r e n c e  i n  age between the  con t ro l  and schizo- 

phrenic groups is  i r r e l e v a n t .  The schizophrenics a r e  kept  on a s p e c i a l  r e sea rch  ward 

and had been o f f  drugs f o r  a year  o r  more and are  under i n t e n s i v e  study by the  C l i n i c .  

These p a t i e n t s  are required t o  p a r t i c i p a t e  i n  a d a i l y  program of exe rc i se .  

p a t i e n t s  have had t h e  same p s y c h i a t r i c  r a t i n g s  and psychological t e s t s  as did the 

c o n t r o l  s u b j e c t s .  

I n  a d d i t i o n ,  they were g iven  the 

These t e s t s  a r e  p a r t  of a b a s i c  test b a t t e r y  

I f  any con t ro l  sub- 

The age range f o r  the con t ro l  group was 19 t o  44 

The schizophrenic p a t i e n t s ,  a l l  male wi th  an  age 

A l l  the  

The sch izophrenic  p a t i e n t s  have been c l a s s i f i e d  by D r .  Frohman on t h e  b a s i s  of 

the lactate p i r u v a t e  r a t i o  (I,/P) as descr ibed  i n  h i s  r e p o r t s  (7,8) i n t o  3 groups. 

Group I con ta in  only p a t i e n t s  whose stress L/P is g r e a t e r  than 10.0. 

those who vary a g r e a t  dea l  i n  L/P producing a mean basa l  LIP less than 8.5 and a 

stress L/P g r e a t e r  than 11.0. 

8.5 and stress LIP less than 11.0 which a r e  c h a r a c t e r i s t i c  values  f o r  non-schizophrenic 

Group I1 are 

Group I11 are those  whose basa l  L/P is l e s s  than 
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s u b j e c t s .  

on the  heal thy c o n t r o l  group. 

Our condi t ioning sco res  are compared on the  3 schizophrenic  groups and 

Two v a r i a b l e s ,  s k i n  conductance (GSR) and s k i n  p o t e n t i a l  (SP) , have been 

analyzed by taking measurements from the  polygram. 

changes are c a l l e d  galvanic  s k i n  responses (GSR), i s  measured by passing a small 

c u r r e n t  ( 

near t h e  t i p s  v i a  two sponge e l e c t r o d e s .  

d i s k  placed i n  t h e  bottom of a p l a s t i c  cup about 6 mm deep. 

l a r g e r  than the  cup volume i s  sa.turated with a 1 /10  normal z i n c  su lpha te  s o l u t i o n  

and compressed i n t o  the  e l e c t r o d e  cup as the  e l e c t r o d e  i s  app l i ed  t o  the  f i n g e r  w i t h  

adhesive tape.  Electrode p o l a r i z a t i o n  d r i E t  i s  prevented by continuous r eve r s ing  of 

the  p o t e n t i a l  twice per second. This system has been previously descr ibed (2 ) .  The 

s k i n  p o t e n t i a l s  are measured by Ron-polarizable s i l v e r - s i l v e r  c h l o r i d e  e l e c t r o d e s  

( 1 7 )  placed on the  l i t t l e  f i n g e r  t i p  and forearm with Sanborn "Redux" e l e c t r o d e  

pas t e .  

an inpu t  impedance g r e a t e r  than 1000 megohms. Frequent c a l i b r a t i o n  prevented s e r i o u s  

d r i f t .  The responses t o  the  tones during adap ta t ion  and e x t i n c t i o n  are measured 

over t he  e n t i r e  12-second period of t he  tone. During the  condi t ioning s e r i e s ,  the  

CR was measured only during the  6-second per iod of the  tone before  t h e  pain began. 

The UCR was measured during the  6 seconds of the  pa in .  All s k i n  conductance changes 

t o  the  s t imu l i  are increments i n  conductance and c a l l e d  GSRs. Skin p o t e n t i a l s  are 

of four  types, hence each type must be scored s e p a r a t e l y .  The fou r  types are: 

The s k i n  conductance, whose 

14 microamperes) through the  v o l a r  s u r f a c e s  of t he  2nd and 3rd  f i n g e r s  

Each e l e c t r o d e  c o n s i s t s  of a c i r c u l a r  z inc  

A sponge, s l i g h t l y  

The p o t e n t i a l s  a r e  fed  i n t o  an Offner e l ec t rome te r  coupler  model 9808A with 

1. Negative b iphas i c  6 i n  which t h e  va lues  

scored are the  decrement (d)  and the  increment (i). A t y p i c a l  

negat ive b iphas i c  response might be a base l e v e l  of -20 m i l l i v o l t s ,  

( t h e  f i n g e r  t i p  i s  usua l ly  negat ive with r e s p e c t  t o  the  i n d i f f e r e n t  
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p o i n t  on the forearm) wi th  a decrement of -5m.v. t o  -25rn.v. 

followed by an increment of +10m.v. t o  -15m.v. 

2. Negative uniphas i c  , decrements only. 

3 .  P o s i t i v e  b iphas i c  , increments and 

decrements scored sepa ra t e ly .  

4 .  P o s i t i v e  uniphasic , increments only,  

During the condi t ioning se s s ion ,  the UCR f o r  GSR i s  usually 

a f u r t h e r  change on top of the CR 

But f o r  s k i n  p o t e n t i a l  which has a more r ap id  recovery,  t he re  

may o f t e n  be two responses as follows: 

These d i f f e r e n c e s  i n  type and recovery t i m e  between GSR and SP n e c e s s i t a t e s  

d i f f e r e n t  t reatment  i n  a n a l y s i s .  For GSR, the score is  simply the f i r s t  increment 

measured from i ts  beginning r ise t o  i t s  m a x i m u m  o r  t o  the  l e v e l  reached during the 

s t imulus period. For s k i n  p o t e n t i a l ,  t he  increments and decrements (whether from 

uniphasic o r  b iphas i c  responses) are t r e a t e d  sepa ra t e ly  as d i f f e r e n t  scores .  

has been suggested by Wi lco t t  (21) t h a t  the d i r e c t i o n  of SP response is  a func t ion  

It 

of base l e v e l  a t  the time of the response. T h i s  r e l a t i o n s h i p  of the s i z e  of ise- 

sponse t o  the base l e v e l  has been named the "Law of I n i t i a l  Values" (LIV) by Wilder 

(22) and a series of a r t i c l e s  has been reported on how b e s t  t o  a d j u s t  the response 

d a t a  f o r  base l e v e l s  (5 ,9 ,12) .  Some va r i ab le s  under c e r t a i n  circumstances such as 

h e a r t  r a t e  i n  i n f a n t s  as reported by Bridger and Reiser  (6) do seem t o  obey the LIV 

so t h a t  w i th  high base l e v e l s  the responses are  small o r  negat ive.  The LIV is sup- 

posed t o  be a mani fes ta t ion  of homeostatic r e s t r a i n i n g  fo rces  inc reas ing  wi th  in-  

creased d e v i a t i o n ,  thus making f u r t h e r  increases  a t  very high l e v e l s  i nc reas ing ly  

improbable. However, wi th  GSR, a t  l e a s t  when reported i n  conductance u n i t s ,  the  

9 
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r e l a t ionsh ip  appears t o  be reversed;  namely, t h a t  l a r g e r  p o s i t i v e  responses  are 

assoc ia ted  wi th  higher  base l e v e l s  (10).  I n  our group of  hea l thy  s u b j e c t s ,  we  a l s o  

found a pos i t i ve  c o r r e l a t i o n  of .26 between base l e v e l  and GSR ampli tude.  

inspected sk in  p o t e n t i a l  f o r  r e l a t i o n s h i p  between response amplitude and base level ,  

w e  found no cons i s t en t  t rend.  For a con t ro l  s u b j e c t ,  t he  c o r r e l a t i o n s  were essen-  

t i a l l y  zero.  In  a p a t i e n t  f o r  one s t imulus  a c o r r e l a t i o n  between base  l e v e l  and 

increment was .57 b u t  f o r  the  o the r  two s t i m u l i  i t  was zero .  For decrements t he  

c o r r e l a t i o n s  ranged from .09 t o  .77. P l o t s  of t hese  d a t a  showed no c o n s i s t e n t  

t rends .  

When w e  

A t  l e a s t  f o r  GSR some p r i n c i p l e  o t h e r  than LIV seems t o  be opera t ing .  In-  

d iv idua l  Response S p e c i f i c i t y  ( I R S )  immediately comes t o  mind. I f  an  ind iv idua l  

i s  above average i n  GSR r e spons iv i ty ,  during the  moderate stress of t h e  psycho- 

physiological  procedure he would be expected t o  assume above average s k i n  conductance 

l e v e l  and to  respond t o  s t i m u l i  wi th  above average G S R s ,  thus  producing a p o s i t i v e  

c o r r e l a t i o n  between base l e v e l  and increments cont ra ry  t o  the  LIV. By cons ider ing  

the  problem wi th in  one ind iv idua l  responding t o  repea ted  s t i m u l i ,  i nd iv idua l  re- 

sponse s p e c i f i c i t y  is by-passed and one would expect  t o  see L I V  i n  opera t ion .  One 

hea l thy  cont ro l  s u b j e c t  and one schizophrenic  p a t i e n t  from G r o u p  I11 were inspected 

f o r  LIV opera t ion  f o r  GSR and SP from t h i s  p re sen t  s tudy .  To our s u r p r i s e  f o r  each 

s u b j e c t  on 60 s t i m u l i ,  t h e  c o r r e l a t i o n s  between base l e v e l  and GSR were .74 f o r  the  

con t ro l  and .31 f o r  the  p a t i e n t ,  both c o r r e l a t i o n s  being p o s i t i v e  and cont ra ry  t o  the  

LIV. It would appear t h a t  one must invoke s t i l l  another  p r i n c i p l e .  Poss ib ly  wi th  

higher  s t a t e s  of "arousal" the  sweating l e v e l  is  higher  and a l s o  l a r g e r  responses  are 

made. 

When one cons iders  t he  p r o b a b i l i t y  t h a t  t h e  s i z e  of  a response is a func t ion  

of  the  leve l  of o t h e r  physiologic  v a r i a b l e s  as w e l l  as i ts  own base l e v e l ,  p lus  
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t he  in f luence  of i nd iv idua l  response s p e c i f i c i t y  and l e v e l  of a rousa l  a l l  con- 

founding the tenuous ope ra t ion  of LIV,  any procedure f o r  c o r r e c t i n g  the response 

amplitude becomes very quest ionable ,  hence w e  concluded t h a t ,  a t  present  t h e r e  is 

no r a t i o n a l  method f o r  c o r r e c t i n g  increments i n  terms of base l e v e l  and hence we 

are no t  a t tempt ing  t o  c o r r e c t  our response scores u n t i l  more a n a l y s i s  has clari- 

f i e d  how a c o r r e c t i o n  f o r  base l e v e l s  can be useful ly  made. 

r e c t i o n  f o r  t he  conditioned response based on the s i z e  of the unconditioned re- 

sponse is  used, however, and i s  explained i n  the r e s u l t s .  

Another type of cor- 

Resul ts  

An important cons ide ra t ion  f o r  classical condi t ioning is  t o  be assured t h a t  t he  

unconditioned s t imulus i s  indeed e l i c i t i n g  a n  unconditioned response. F igures  1 and 

2 give t h i s  information f o r  GSR. 

group. 

q u i t e  adequate f o r  condi t ion ing  being 60% and 87$ of the  normal frequency r e s p e c t i v e l y  

f o r  the unconditioned pain s t i m u l i  S 

the  UCS are shown. 

than normal whi le  Groups I1 and 111 give s i g n i f i c a n t l y  smaller responses.  

response mean being j u s t  ha l f  t h a t  f o r  normals and Group I11 mean 2/3 as l a r g e  as 

normal. 

F igure  1 shows the frequencies  of responses f o r  each 

Only schizophrenic Group I1 show a reduced response frequency and i t  is  s t i l l  

and S 
1 2' 

I n  Figure 2 t he  amplitudes of GSR t o  

Schizophrenic Group I g ive  a l i t t l e  l a r g e r  unconditioned responses 

Group I1 

F igures  3 and 4 show the same information f o r  s k i n  p o t e n t i a l .  Groups I1 and I11 

are s l i g h t l y  reduced i n  frequency (16% and 15$). 

w a s  considered a response. For amplitude of SP response the increments and decre- 

ments must be considered sepa ra t e ly .  

shown. 

1 /2  as l a r g e  as normal f o r  both increments and decrements. 

response frequencies  but reduced amplitudes fo r  some groups, w e  can expect t h a t  

condi t ion ing  could occur bu t  probably wi th  reduced amplitude of response. 

E i t h e r  an  increment o r  a decrement 

I n  Figure 4 on the  l e f t ,  t he  increments are 

Group I1 is s l i g h t l y  below normal (84 )  f o r  increments whi le  Group I11 is only 

With these s u b s t a n t i a l  
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I n  order  t o  compensate f o r  v a r i a b i l i t y  i n  response ampli tude,  the  con- 

d i t i oned  response (CR) may be divided by the  sum of  the  CR and the  immediately 

following unconditioned response -- CR/CR+UCR. 

sponse amplitude divided by the  sum of the  CR+UCR compensates t h e  CR i n  terms of 

the "response po ten t i a l "  a v a i l a b l e  a t  t h a t  moment as ind ica t ed  by the  s i z e  of  the  

UCR t o  the immediately-following pa in  s t imulus .  Because the re  were a few cases  

where the UCR w a s  zero ,  which would have made the  r a t i o  CR/UCR =oO , i t  w a s  neces- 

sa ry  t o  include the CR a l s o  i n  the  denominator. Thus the  maximum range of CR/CR+ 

UCR i s  0 t o  1.0. The obtained range f o r  the  con t ro l  group being .134 t o  .720 and 

f o r  the  schizophrenic  groups ,000 t o  .622. Thus, the  momentary l e v e l  of a r o u s a l ,  

the  individual  response s p e c i f i c i t y  and the  " l a w  of i n i t i a l  values" however i t  may 

be operat ing,  w i l l  be properly ad jus ted  f o r  un le s s ,  of course,  the  CR is s o  l a r g e  

t h a t  t h e  base l e v e l  f o r  the UCR i s  s u b s t a n t i a l l y  changed. 

This  r a t i o  of t h e  condi t ioned re- 

An overview of the  GSR d a t a  may be seen i n  F igure  5 .  For each of the  four  

s e s s ions  (adapta t ion ,  f i r s t  condi t ion ing ,  second condi t ion ing  and e x t i n c t i o n )  each 

of the  three tones (To, T T ) a r e  sounded 5 times. 

group i s  graphed f o r  each t r i a l .  For the  adap ta t ion  and e x t i n c t i o n  se s s ions  the  

per iod of observa t ion  is 12 seconds dur ing  which the  tone i s  on; f o r  t he  two con- 

d i t i on ing  se s s ions  the  per iod scored i s  only the  f i r s t  6 seconds while  t he  tone i s  

on, b u t  before the  pa in  begins .  

s l i g h t l y  l a r g e r  the mean response f o r  the adap ta t ion  and e x t i n c t i o n  per iods  as com- 

pared t o  the condi t ion ing  se s s ions  because some of t he  responses  may have continued 

t o  rise beyond t h e  s h o r t e r  6-second i n t e r v a l .  The normal con t ro l  group, represented  

by the so l id  l i n e  i n  the  top po r t ion  of F igure  5 ,  s tar ts  o u t  high a t  about .67 m h o  

and quickly drops t o  l e s s  than . l o r n o  on the  15 th  t r i a l .  On the  f i r s t  t r i a l  of con- 

d i t i o n i n g ,  t he re  i s  a marked increase  which i s  an  example of the  r e t u r n  of an  adapted 

o u t  o r i en t ing  response.  The subsequent re inforced  5 t r ia ls  show c o n s i s t e n t  increases  

The mean GSR response f o r  each 
1' 2 

This  d i f f e r e n c e  i n  t ime per iod could only make 
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which may be considered condi t ioning.  The following 10 t r ia l s ,  however, show 

an  i r r e g u l a r  d e c l i n e  i n  amplitude. 

a l s o  show t h i s  d e c l i n e  (Fig. 6 ) .  

t o  both the pain and tone. 

t h e r e  i s  a remarkable recovery from the adaptat ion,  b u t  once again during the  

later trials of the se s s ion  adap ta t ion  appears.  On the  f i r s t  trial of e x t i n c t i o n  

t h i s  recovery from adap ta t ion  does not occur,  probably because the sub jec t  i s  t o l d  

the re  w i l l  be no pain s t i m u l i .  During the  ex t inc t ion  se s s ion ,  however, t he re  is  a 

f u r t h e r  d e c l i n e  which can be c a l l e d  e i t h e r  e x t i n c t i o n  o r  f u r t h e r  adap ta t ion .  

An inspect ion of a similar curve of the UCR 

This appears to be an  adap ta t ion  of t he  responses 

A t  the beginning of the second condi t ioning se s s ion  

The 

l e v e l s  of response reached are as low as during the f i r s t  adap ta t ion  per iod;  hence 

e x t i n c t i o n  can be s a i d  t o  be complete. 

The t h r e e  curves f o r  the schizophrenic groups d e v i a t e  markedly from the normal 

p a t t e r n .  

is shown i n  the upper s e c t i o n  of the graph as a do t t ed  l i n e .  Except f o r  the very 

f i r s t  response t o  the  tones,  t he re  is no evidence of adap ta t ion .  The o r i e n t i n g  

responses tend t o  be somewhat l a r g e r  than those f o r  normals a f t e r  the f i r s t  t h r e e  

responses.  During the condi t ioning se s s ions ,  there i s  no tendency f o r  the curve 

t o  rise sugges t ing  a complete l ack  of conditioning, nor does t h e r e  appear t o  be any 

f u r t h e r  adap ta t ion  during e x t i n c t i o n .  E s s e n t i a l l y  the same course is found f o r  

schizophrenic group 11, who sometimes have the  LIP f a c t o r .  Group 111, the d o t t e a  

curve i n  the  lower s e c t i o n  of Figure 5, however, who never have the LIP f a c t o r  

appear t o  show some condi t ioning and e x t i n c t i o n ,  a l though much less than do normals. 

Group I, the  schizophrenic group which have the  LIP f a c t o r  i n  the b l o d ,  

A s i m i l a r  course f o r  a l l  groups is seen for SP which is  graphed i n  F igures  7 - 9 .  

The frequencies  of conditioned responses f o r  each s e s s i o n  f o r  each group f o r  both 



. * 

GSR and SP a r e  shown i n  F igures  10 through 1 7 .  

show t h e  same t rends  as amplitudes though not  q u i t e  as c l e a r l y .  

These f requencies  of CR tend t o  

Probably the  b e s t  measure of the  condi t ion ing  is the  CR/CR+UCR f o r  GSR shown 

i n  F igure  18. Here the means of t he  t r i a l s  3 ,  4 ,  5 and 8 f o r  f i r s t  condi t ion ing  

and t r i a l s  2 ,  3,  4 and 6 f o r  second condi t ion ing  are combined. These p a r t i c u l a r  

t r ia ls  were se l ec t ed  because they are near  t h e  beginning of  each se s s ion  before  

adapta t ion  has  progressed. The f i r s t  t r ia l  i s  not  chosen because f o r  the  f i r s t  

condi t ioning sess ion  no condi t ion ing  has occurred i n  the  f i r s t  t r i a l  and f o r  t he  

second condi t ioning se s s ion  the  f i r s t  t r i a l  i s  a To. 

CRyCRi-UCR, is  based on 2 T1 and T2, the  re inforced  tones near  t he  beginning f o r  

each condi t ioning sess ion .  

smaller CR than do the  normal con t ro l  group. 

n i t e l y  l a r g e r  CR than does e i t h e r  group I o r  11. 

Figure  1 9  show a s imi l a r  f ind ing .  

This  condi t ion ing  sco re ,  

Clear ly  a l l  t h ree  schizophrenic  groups have markedly 

Schizophrenic  group 111 has d e f i -  

S imi l a r  s co res  f o r  SP seen  i n  

These d i f f e r e n c e s  are a l l  s t a t i s t i c a l l y  s i g n i f i c a n t  both by t tes ts  of  the  

amplitude d i f f e rences  (see Table 1) and by X2 of the  f requencies  of occurrence 

above and below the mean ( .45)  taken a s  a c u t t i n g  poin t .  By inspec t ion  of 

Table 2 we f ind  the con t ro l  group, t he re  are f i v e  who f a l l  below a score  of  .45 

f o r  CR/CRtUCR while  a l l  b u t  one of t he  schizophrenic  group I f a l l  below t h a t  

va lue ,  and a l l  of group I1 and a l l  bu t  4 of group I11 do so .  

lower c u t t i n g  poin t  a t  .40 a l l  of group I1 and a l l  b u t  3 of group I11 are classi- 

f i e d  co r rec t ly ,  thus reducing the  number of m i s c l a s s i f i e d  t o  4 c o n t r o l s  and 4 

schizophrenics .  

By tak ing  a s l i g h t l y  
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. . 
S t i l l  another  measure of condi t ioning is the var iance of the l a t e n c i e s  of 

the CR. For a 12-second per iod,  the expected variance f o r  a random latency is  12 

seconds.* 

were g iven  revealed a mean 

trials f o r  each tone dur ing  the e x t i n c t i o n  period f o r  a l l  s u b j e c t s  a r e  shown i n  Table 

3 toge the r  wi th  t h e i r  F t e s t  s i g n i f i c a n c i e s .  These F's and t h e i r  n u l l  p r o b a b i l i t i e s  

are Lested a g a i n s t  the expected value f o r  a random var iance  f o r  a 12-second i n t e r v a l  

which is  12.0. Thus a small var iance such as control  No. 1 has (.0524) produces an  

F r a t i o  12.0/.0524 of 229.01 which has a n u l l  p robab i l i t y  of much less than .01. 

Such a small va r i ance  i n  la tency of response ind ica t e s  a highly c o n s i s t e n t  response 

l a t ency  i n d i c a t i n g  a very high p r o b a b i l i t y  t h a t  these responses are r e l a t e d  t o  the 

CS and n o t  simply random responses.  

f i c a n t l y  small va r i ances  i n  la tency.  

who f a i l e d  t o  cond i t ion  by the CR/CR+UCR amplitude test .  

group I, only t h r e e  showed s i g n i f i c a n t l y  small variances i n  l a t ency  which were 

th ree  of the h ighes t  s co r ing  on amplitude. 

can t  l a t ency .  Three of the 4 who f a i l e d  t o  have s i g n i f i c a n t l y  small va r i ances  i n  la- 

tency a l s o  had small amplitudes.  Inspect ion of scores  of the one who had a l a r g e  mean 

A sample of l a t e n c i e s  taken f o r  random 12-second period where no s t i m u l i  

of 10.45. The variance i n  l a t e n c i e s  of the f i r s t  2 
2 

Only 4 of the normal group f a i l  t o  show s i g n i -  

Three of these 4 are the  same ind iv idua l s  

For the  sch izophrenic  

For group 11, none showed a s i g n i f i -  

* For a uniform random d i s t r i b u t i o n  the c2 i s  a func t ion  of the range. 

u' = (o( - 6 12/12 

Where o( is  the lower range a n d p  the upper range. 

g2 = (0-12)2/12 = 12.0 f o r  a 12-second i n t e r v a l .  



amplitude b u t  a nons igni f icant  l a r g e  var iance  i n  la tency  showed t h a t  h i s  GSR 

was abnormally l a rge  and f requent ;  thus  apparent ly  by chance producing suf -  

f i c i e n t l y  l a r g e  random responses  t o  ob ta in  a s i g n i f i c a n t  mean amplitude dur ing  

the CR scoring per iod.  These r e s u l t s  sugges t  t h a t  t he re  i s  s u b s t a n t i a l  agree-  

ment between t h e  two c r i t e r i a  of condi t ion ing  b u t  t h a t  when they d i sag ree ,  i t  

appears  l i k e l y  there  was no condi t ion ing .  This  would sugges t  t h a t  t he  two 

c r i t e r i a  should both be used. When t h i s  is done, the f requencies  of c l a s s i f i -  

ca t ion  as condi t ioned and not  condi t ioned as shown i n  Table 4 only change s l i g h t l y .  

One more con t ro l  d id  not  condi t ion  (making 13 t o  5 )  and one less i n  group I11 

(making 3 t o  9 ) .  Due t o  the  p o s s i b i l i t y  of very rap id  e x t i n c t i o n ,  i t  i s  poss i -  

b l e  t h a t  t h e  use of the e x t i n c t i o n  per iod f o r  computing the  var iance  i n  l a t e n c i e s  

was not  optimum. Accordingly,  a s i m i l a r  s tudy of the  va r i ances  i n  l a t ency  was 

done fo r  t h e  se l ec t ed  t r ia l s  of the  condi t ion ing  se s s ions .  

An inspec t ion  of the  condi t ion ing  se s s ions  f o r  t he  normal con t ro l  s u b j e c t s  

who f a i l e d  the  la tency  tes t  dur ing  e x t i n c t i o n ,  r evea l  t h a t  they a l l  d id  indeed 

have s i g n i f i c a n t l y  small var iance  i n  la tency  showing condi t ion ing .  The var iances  

of the  ea r ly  condi t ion ing  sco res  f o r  condi t ion ing  se s s ions  1 and 2 are posted i n  

Table 5. A l l  the  normal con t ro l  group have s i g n i f i c a n t l y  small var iances  i n  

la tency  fo r  the two condi t ion ing  se s s ions .  For schizophrenic  group I t h e  number 

wi th  s i g n i f i c a n t l y  small  va r i ances  increased from 3 i n  t he  e x t i n c t i o n  t o  5 €or  

the condi t ioning se s s ions .  

and group I11 remained a t  8 f o r  both e x t i n c t i o n  and condi t ion ing .  Thus the re  i s  

considerable  consis tency i n  var iance  i n  l a t ency  among ses s ions .  Due t o  the f a c t  

t h a t  some s u b j e c t s ,  e s p e c i a l l y  schizophrenic  p a t i e n t s ,  tend t o  produce f requent  

For  group I1 none were s i g n i f i c a n t  f o r  e i t h e r  s e s s ion  

16 
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and l a r g e  spontaneous GSR by chance and not  r e l a t e d  t o  experimental  s t i m u l i  

t h e r e  may be found s u f f i c i e n t  GSR a c t i v i t y  during the tone period t o  produce 

a s u b s t a n t i a l  s co re  which would make it  appear t h e r e  had been condi t ioning.  

By employing i n  a d d i t i o n  the var iance  i n  latency c r i t e r i o n ,  t h i s  kind of 

f a l s e  condi t ion ing  can be el iminated.  Thus we conclude t h a t  t he  two cr i ter ia ,  

amplitude and va r i ance  i n  l a t ency ,  when taken together  provide the  b e s t  measure 

of condi t ioning.  

t i v e  c r i t e r i o n  f o r  t he  l a t ency  measure. 

For our s tudy the e x t i n c t i o n  period gave a s l i g h t l y  more s e n s i -  

The purpose of having t h r e e  d i f f e r e n t  pitched tones and two d i f f e r e n t  i n -  

t e n s i t i e s  of pa in  w a s  t o  determine how w e l l  the d i f f e r e n t  groups were a b l e  t o  

d i f f e r e n t i a t e  them by t h e i r  autonomic r eac t ions .  We may f i r s t  consider  t he  

s i z e  of responses of fou r  i n t e n s i t i e s  of pain presented a f t e r  the completion of 

t he  e x t i n c t i o n  series. This series of p a i n  s t i m u l i  were g iven  a f t e r  the formal 

condi t ion ing  and e x t i n c t i o n  se s s ions  were over so as no t  t o  i n t e r f e r e  wi th  them. 

They were necessary t o  e s t a b l i s h  what kind of response c h a r a c t e r i s t i c  each sub- 

j e c t  had t o  pa in  s t i m u l i  only. The UCR 

a r e  contaminated by the  preceding tones 

the  UCS is given.  By inspec t ion  of Tab 

given dur ing  the  condi t ion ing  se s s ions  

and any CR t h a t  may be i n  process when 

e 6 it is apparent  t h a t  t he  c o n t r o l  

group a d j u s t  t he  amplitude of t h e i r  response i n  a p ropor t iona l  manner t o  the 

i n t e n s i t i e s  of t he  s t i m u l i .  I n  c o n t r a s t  t he  sch izophrenic  groups do no t  regu- 

l a t e  the s i z e  of t h e i r  response i n  propor t ion  t o  the  i n t e n s i t y  of the s t imulus.  

The c o n t r o l s  show e x c e l l e n t  GSR and SP decrement d i sc r imina t ion  of the pa in  

i n t e n s i t i e s  whereas the sch izophrenic  p a t i e n t s  do not  so d i sc r imina te .  It is 

i n t e r e s t i n g  t o  note  t h a t  SP increment does not show t h i s  clear d i sc r imina t ion  



f o r  t he  con t ro l  group whereas i t  does f o r  t h e  sch izophrenic  group I. This  

suggests  t h a t  f o r  t he  schizophrenic  group I s p  increment is the  more cha rac t e r -  

i s t i c  mode of response whereas f o r  c o n t r o l s  sp decrement is  the  c h a r a c t e r i s t i c  

mode. From these r e s u l t s  w i t h  pa in  -- GSR d i f f e r e n t i a t i o n  w e  might expect  t h a t  

only the c o n t r o l s  would d i sc r imina te  between tones by condi t ioned responses .  

There was a tendency i n  t h i s  d i r e c t i o n .  Table 7 shows how t h e  GSR responses  t o  

the  three  tones d i f f e r  f o r  each group. Only t h e  hea l thy  con t ro l  group show a 

tendency f o r  a smaller response t o  To t h a t  t o  T1 and T2. 

CONCLUSIONS 

These r e s u l t s  s t rong ly  support  our  major hypothesis  t h a t  schizophrenic  

p a t i e n t s  have a marked def ic iency  i n  Phys io logic  Learning Apti tude (PLA). 

def ic iency i s  accompanied by a tendency f o r  r educ t ion  i n  o r i e n t i n g  response t o  

the non-noxious s t i m u l i  of t he  tones p r i o r  t o  condi t ion ing .  Such a reduced re- 

spons iv i ty  i n  o r i e n t i n g  response toge ther  wi th  normal amplitude responses  t o  the  

noxious s t imulus of pa in  sugges ts  an  i n t a c t  sensory-response system b u t  which is  

ove r l a id  wi th  a n  i n h i b i t o r y  system s e l e c t i v e l y  f o r  non-noxious s t i m u l i .  This 

experimental  evidence f o r  a n  i n h i b i t o r y  system q u i t e  c l o s e l y  p a r a l l e l s  t he  

c l i n i c a l  observa t ions  of  withdrawal and l a c k  of i n t e r e s t  and c u r i o s i t y  i n  schizo-  

phrenic  pa t i en t s .  It is unclear  whether t he  l a c k  of i n t e r e s t  i n  i r r e l e v a n t  

s t i m u l i  is primary, t h a t  is ,  the  de f i c i ency  i n  o r i e n t i n g  response is  the  cause 

of t h e  poor condi t ion ing  o r  whether a de f i c i ency  i n  a s s o c i a t i o n  permits  "irtele- 

vant" s t i m u l i  t o  remain i r r e l e v a n t  even though they should acqu i r e  re levance  by 

a s soc ia t ion  as they do f o r  normal people. This  could be a p o s i t i v e  feedback 

s i t u a t i o n  where each tends t o  suppor t  t he  o the r .  

This  

A primary de f i c i ency  i n  
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a s s o c i a t i o n  permits many s t i m u l i  t o  remain i r r e l e v a n t  which i n  t u r n  a i d s  

withdrawal which f u r t h e r  tends t o  reduce perception and o r i e n t i n g  response 

t o  s t i m u l i ,  pe rmi t t i ng  even more withdrawal. Delusions and h a l l u c i n a t i o n s  

as suggested by A r i e t i  (1) may be motivated mental and perceptual  d i s t o r t i o n s  

i n  an  e f f o r t  t o  maintain some s o r t  of i n t e r n a l  r a t i o n a l i t y  f o r  t he  i r r a t i o n a l  

sup res s ion  of a s s o c i a t i o n .  

It would be c l a r i f y i n g  t o  determine whether t he  mani fes ta t ion  of poor 

c l a s s i c a l  condi t ion ing  of GSR i n  schizophrenia is  an  overlay of i n h i b i t i o n  

genera l ized  t o  those s t i m u l i  ( t ones )  which have no primary s i g n i f i c a n c e  o r  

whether the de f i c i ency  is  a primary l a c k  of a s soc ia t ion  a b i l i t y .  A change i n  

condi t ion ing  paradigm may be a b l e  t o  determine t h i s  quest ion.  I f  a n  escape o r  

avoidance condi t ion ing  s i t u a t i o n  were arranged so t h a t  i t  i s  made immediately 

rewarding t o  make the a s s o c i a t i o n  between a n  i r r e l e v a n t  s t i m u l i  l i k e  a tone and 

a r e l e v a n t  one l i k e  pa in ,  i t  may be p o s s i b l e  t o  determine whether t he  l ea rn ing  

a b i l i t y  i s  simply lacking o r  whether, w i th  enough immediate i n c e n t i v e ,  the i n h i -  

b i t i o n  can be l i f t e d  and the  l ea rn ing  ap t i t ude  shown t o  be i n t a c t .  Our next  

s t u d i e s  w i l l  u t i l i z e  such an  avoidance s i t u a t i o n  i n  an a t tempt  t o  answer t h i s  

quest ion.  

The o t h e r  most i n t e r e s t i n g  f ind ing  w a s  the l ack  of condi t ion ing  shown by 

the non-schizophrenic s u b j e c t ,  the  "skid-row" habi tue,  who has a long h i s t o r y  

of non-employment bu t  without any symptoms of schizophrenia .  Our general  hypo- 

t h e s i s  of PLA would suggest  t h a t  low l e v e l s  could be manifested by t h i s  type of 

adjustment.  We plan t o  test  more of t h i s  type t o  see  i f  indeed they do r e p r e s e n t  

a very low PLA group. PLA may be an important v a r i a b l e  f o r  diagnosing a person 's  



* 
a b i l i t y  t o  u t i l i z e  r e t r a i n i n g  now of so much concern t o  t h e  f e d e r a l  government. 

Some unemployed persons may be e s s e n t i a l l y  unemployable because they l a c k  the  

b a s i c  a b i l i t y  to  acqui re  motivat ion.  I f  unemployed persons could be proper ly  

diagnosed f o r  PLA much money and e f f o r t  could be saved o r  concent ra ted  on t h e  

ones b e t t e r  a b l e  t o  u t i l i z e  the  t r a i n i n g .  

F ina l ly ,  it would appear  t h a t  PLA would be a good measure of a b i l i t y  t o  

absorb t r a in ing  f o r  high-s tress t a sks  where extreme mot iva t ion  i s  e s s e n t i a l .  

When the  t e s t i n g  procedure has been s t reamlined and made as s e n s i t i v e  and prac- 

t i c a b l e  as poss ib l e  w e  p l an  t o  apply i t  t o  personnel  s e l e c t e d  f o r  t r a i n i n g  f o r  

h igh-s t ress  missions t o  see i f  i t  has d i sc r imina t ive  power a t  these  r e l a t i v e l y  

high l eve l s .  

The recent  t r a n s l a t i o n s  of Russian l i t e r a t u r e  (13) on psychophysiology in -  

d i c a t e s  t h a t  they a r e  concent ra t ing  a g r e a t  dea l  of e f f o r t  i n  t h i s  d i r e c t i o n .  

With t h e i r  t r a d i t i o n  of Pavlovian condi t ion ing  r e sea rch  i t  is  almost  c e r t a i n  t h a t  

they are considerably ahead of  us i n  technique and theory of mot iva t iona l  l ea rn ing .  

Our b e s t  chance of ca tch ing  up is  t o  l e a r n  t h e i r  most r e c e n t  advances and by use 

of our  more soph i s t i ca t ed  d a t a  processing system t o  ga in  the  advantage.  

By being a b l e  t o  qucikly s e l e c t  the  men wi th  optimum a b i l i t y  f o r  l e a r n i n g  the  

s p e c i a l  adapta t ions  requi red  f o r  space f l i g h t  much s h o r t e r  t r a i n i n g  per iods  would 

be required f o r  optimum performance. 

types are to  be se l ec t ed  i t  becomes imperat ive t o  have a s u i t a b l e  s e l e c t i o n  

t e s t  s ince  i t  w i l l  be  imprac t icable  t o  select by the  b a s i s  of prolonged p i l o t - l i k e  

t r a i n i n g  as has been used up t o  now f o r  a s t r o n a u t  s e l e c t i o n .  

When s c i e n t i s t s ,  phys ic ians  and o t h e r  non-p i lo t  
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Table 1 

Mean Differences Between Groups on GSR of CR/CR+UCR f o r  Selected Trials 

Control  

Schiz. I 

Control 

Schiz. 111 

Schiz. I 

Schiz.  XI1 

- Mean - F - t -9 Prob 

.454 1.22 4.28 01 

.189 

.454 1.17 1.99 .05 

.323 

.189 1.42 1.92 . 05 

.323 

Schiz.  -185 (N = 5 too small f o r  tests) 

Table 2 

Frequencies i n  Each Group Class i f ied  by Mean GSR CR/CR+UCR 

Above .45 B e l o w  .45 

Con tr 01s 

Schiz. I 

Schiz. I1 

Schiz. I11 

13 

1 

0 

4 

5 

11 

5 

8 
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Table 3 

Variance i n  Latencies of GSR on First  Two Trials of Each 
Tone for the Extinction Session. 

Controls Variance F-tes t Sipnificance 

1 .0524 229.01 .01 

2 .6109 19.64 .01 

3 .4875 24.62 .01 

4 .1419 84.57 .01 

5 .5925 20.25 .01 

- *  
.2283 

.69 74 

.0987 

- 
52.56 

17.21 

121.58 

.01 

.01 

.01 

10 

11 

- 
.0741 

- 
161.94 .01 

12 

13 

14 

.3518 

.1120 

.0086 

34.11 

13.89 

228.57 

.01 

.01 

.01 

15 

16 

17 

18 

- 
6.7085 

.03 72 

.2623 

- 
1.79 

322.5 

45.7 

N. S. 

.01 

.01 



Table 3 (cont.) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Vat iance 

- 
21.4833 

.1419 

1.5182 

.9512 

- 
5.6871 

3.496 

.0401 

- 

Variance 

12.4605 

5.443 

F-test 

- 
1.75 

84.57 

7.905 

12.62 

- 
2.11 

3 -43 

- 
291.26 

F-Tes t 

- 

Sinnif icance 

N. S. 

01 

N. S. 

. 01 

N, S. 

N. S. 

.01 

Significance 

N. S. 

- 
1.04 

2.20 

N. S. 

N. S. 
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Group Xi1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Variance 

.0787 

.3549 

.2870 

.1759 

13.2535 

.6943 

- 
.5 709 

16.9997 

.2253 

.lo49 

F-test 

152.51 

33.81 

41.83 

68.22 

.9054 

17.28 

- 
21.02 

.7059 

- 
53.26 

114.39 

Sinnif icance 

.01 

. 01 

.01 

.01 

N. S. 

01 

. 01 
N. S .  

.01 

.01 

* Dash indicates 0 ,  1 or 2 responses which are tQo fqw on which to 
compute a variance. 



Table 4 

Frequencies i n  Each Group Classif ied by Both Mean GSB Amplitude CR/CR+UCR 
( . 45 )  and Signif icant  (Po .01) Variance i n  Latency for Extinction 

Be low .45 Non sig. r: 
Control8 13 5 

Schiz.  I 1 11 

Schiz.  11 0 5 

Schiz.  I11 3 9 
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Table 5 

Controls 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

l a  

13 

14 

15 

16 

1 7  

18 

Variance i n  Latencies of GSR on the Selected Eight Trials 
i n  Conditioning Sessions One and Two 

Variance 

.6475 

.39 75 

.2125 

.2500 

.6050 

,4025 

,1175 

.1375 

,0250 

.1250 

.2850 

.2825 

,3075 

.1400 

.0425 

.0925 

.5200 

.4325 

F- tes t 

4.633 

7.547 

14.1176 

12.000 

4.9587 

7.4584 

25.31 

27.907 

120.00 

24.0000 

10.5263 

10.6195 

9.7561 

21.428 

70.5888 

32.4324 

7.4534 

6.9236 

Sipnif icance 

.05 

. O l  

.01 

.01 

.05 

. O l  

.01 

.01 

.01 

. 01 

.01 

.01 

.01 

.01 

.01 

.01 

.05 

-01 
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Table 5 (cont.) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Grouo 

Variance 

1.4325 

- 
.0325 

. .lo25 

.5100 

,0525 

- 
1.2500 

1.1475 

1.4975 

,3125 

.2150 

-0835 

- 
.0200 

2.0125 

F-test - 
2.0942 

- 
92.3077 

29.2683 

5.8823 

57.1429 

- 
2.400 

2.6144 

2.0033 

9.600 

13.9535 

F- tes t 

1.4371 

Sinnificance 

N. S. 

. 01 

. 01 

.05 

.Ol 

N. S. 

N. S. 

N. S. 

.01 

N. S. 

Significance 

N. S. 

6 .OO 

1.4907 

N. S. 

N. S.  
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Table 5 (cont.) 

Group XIS Variance 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

,1225 

.3775 

.5075 

.5000 

1.885 

1.3300 

.0325 

.4125 

.6450 

- 
.4900 

F-test 

24.5902 

7.9470 

5.9113 

6 .OOO 

1.5915 

2.2556 

92.3077 

7.2777 

4,6512 

- 
6.1224 

Significance 

.Ol 

.01 

.05 

. 01 
N. S. 

N. S. 

.01 

.05 

.05 
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Table 7 

GSR CR t o  the Three Tbnes f o r  F i r s t  and Second Condit ioning Combined 

Controls  

S c h i z .  I 

Schiz .  I1 

Schiz .  111 

46 

To T1 T2 

.396 .522 .563 

.139 .140 .177 

.048 

.229 

.041 

.237 

.046 

.283 

NASA-Langley, 1965 CR-156 


